A new model for predicting the sonar scattering strengths of ensembles of rocks lying on the ocean floor has recentIy been presented. In this study, the contribution that multiple interactions make to the scattering response is investigated. Modeling rocks either as elastic spheres or rigid movable spheres, the study shows that the effect ofmultiple scattering depends upon the frequency, therock spacing, theangle ofincidence, and rock type.
INTRODUCTION
Recently, we introduced a new model to provide estimates of the acoustic scattering strength, at typical sonar frequencies, of ensembles of rocks lying on the sea floor [1] , In this model, rocks are represented as either rigid movable spheres or elastic spheres. This approach was suggested by the work of Sheng and Hay [2] , who used a spherical scatterer approximation, over an equivalent frequency range, to successfully interpret scattering data for aqueous suspensions of sand. Sand particles, like reeks, are irregular in shape and not generally spherical. Sheng and Hay achieved their best fits to data using the rigid movable sphere representation. They found that the elastic sphere model predicted a resonance structure in the scattered field spectrum which was not observed experimentally, and suggested that resonances are probably suppressed in real scatterers, due to their large irregularities of shape.
The model we have developed is capable of making scattering strength predictions for rocks of the sizes, numbers, geologic type, and material compositions typically found in littoral regions. Preliminary comparisons with data show that the model yields reasonable estimates of scattering strength; and that the rigid movable sphere representation appears to provide the most realistic prediction method, in agreement with the findings of Sheng and Hay. Controlled experiments are currently planned to provide data to validate the model. The present scattering model makes a number of simplifying assumptions which require further examination. One of these is the omission of multiple scattering interactions between the rocks. The purpose of this study is to investigate the contribution that multiple interactions make to the scattering response. To investigate this question, a T-supermatrix formalism [3] has been implemented to describe a radiatively coupled ensemble of two spherical scatterers, Using both the rigid movable sphere and elastic sphere representations, the results obtained show that the effect of multiple scattering depends upon the acoustic frequency (especially, in the elastic sphere case, if the frequency coincides with a resonance), the rock spacing relative to the radius, the angle of incidence, and rock type. The study indicates that, if the rigid movable sphere method is used to represent rocks on the sea-floor, the effect of multiple interactions on the scattering strength is likely, in most cases, to be small,
THEORY
In the T-supermatrix method the incident field Ui and the scattered field Us are both expanded in terms of wave functions centered upon the location of each scatterer, so that, if there are two scatterers:
(1)
The coefficients of the scattered field (the fs) are related to the coefficients of the incident field (the a's) by the matrix equation :
where f and a arecolumn vectors containing the coefficients in (1) ; while TMS is the T-supermatrix, with:
In this study, the submatrices of @(T(l) and T(2)) are T matrices for two individual spheres, whose elements are derived from (in the rigid case) the work of Anderson [4] , and (in the elastic case) from Faran [5] . The submatrices a(d2 -d 1) and~(d ] -d2) are "translation" operators, whose elements describe the reexpansion of the basis functions around one scattering center (position vector d]) in terms of those around the other (position vector d2) , and vice versa. The o matrices couple the spheres together and prescribe the multiple scattering interactions between them.
SCATTERING FROM TWO SPHERICAL ROCKS

